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Abstract. A deep optical galaxy search in the south-
ern Milky Way { aimed at reducing the width of the
Zone of Avoidance { revealed 3279 galaxy candidates
above the diameter limit of D > 0.02, of which only 112
(3.4%) were previously catalogued. The surveyed region
(266 < ` < 296 and −10 < b < +8) lies in the exten-
sion of the Hydra and Antlia clusters { where a superclus-
ter is suspected { and in the approximate direction of the
dipole anisotropy in the Cosmic Microwave Background
radiation.
Here we present the optical properties of the unveiled
galaxies such as positions, diameters, magnitudes, mor-
phological types, including a detailed discussion on the
quality of these data and the completeness limits as a
function of the foreground dust extinction. For 127 of the
227 positional matches in the IRAS PSC, a reliable cross-
identication could be found.
Several distinct overdensities and laments of galaxies
can be identied that are apparently uncorrelated with the
Galactic foreground extinction hence the probable signa-
ture of extragalactic large-scale structures.
This catalog constitutes the rst part in a series of
ve equally conducted optical searches for galaxies in the
southern Milky Way (245 < ` < 350). With these sur-
veys, the entire Zone of Avoidance will have been covered
by means of visual inspection. The catalogs build the basis
for various spectroscopic and photometric follow-up pro-
grams which eventually will allow a thorough analyse of
the galaxy distribution in redshift space and the pecu-
liar velocity elds within the Zone of Avoidance, as well
an an improved understanding of the Galactic foreground
extinction.
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1. Introduction
Due to the foreground extinction of the Milky Way, galax-
ies become increasingly fainter, smaller and are of lower
surface brightness as the dust extinction increases. Al-
though most of them are not intrinsically faint or small,
galaxies close to the Galactic Plane fail to meet the crite-
ria for inclusion in magnitude or diameter-limited catalogs
and only few galaxies are known below Galactic latitudes
of jbj < 10. Added to this are the enormous numbers of
foreground stars that frequently fall on the galaxy images
and crowd the eld of view. Because of this, most extra-
galactic studies are done in regions which are free of the
eects of this ’foreground pollution’ { they avoid the so-
called Zone of Avoidance (ZOA). Various questions with
regard to the dynamics in the local Universe, however,
require knowledge of the galaxy distribution in the ZOA:
(1) To explain the peculiar velocity of the Local Group
(LG) with the irregular mass distribution in the local Uni-
verse and compare this motion to the dipole in the Cos-
mic Microwave Background (CMB) requires \whole-sky"
coverage. Kolatt et al. (1995) have shown that the gravi-
tational acceleration of the LG is strongly aected by the
mass distribution in the ZOA. The dipole direction deter-
mined from the visible mass distribution changes signi-
cantly (by 31) if the mass distribution in the ZOA is not
accounted for.
(2) For our understanding of velocity flow elds { such
as the flow induced by the Great Attractor centered in the
Galactic Plane { we need to know the galaxy distribution
in the ZOA. The comparison of the actual galaxy distri-
bution with dynamically implicated mass excesses will tell
us whether galaxies are fair tracers of mass.
(3) This not only concerns large-scale structures such
as clusters, voids and walls. Hidden nearby massive galax-
ies will influence the internal dynamics of the LG, its mass
derivation and the present density determination of the
Universe from timing arguments (Peebles 1994). More-
over, the gravitational attraction of the nearest galaxies
(v < 300 km s−1 ) generates 20% of the total dipole mo-
ment (Kraan-Korteweg 1989), and six of the nine apparent
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brightest galaxies are located in the ZOA. Others might
still remain uncovered.
For these reasons, various groups have initiated
projects in recent years to unveil the galaxy distribution
behind our Milky Way such as galaxy searches on opti-
cal sky surveys, near-infrared surveys (e.g., DENIS and
2MASS), far-infrared surveys (e.g., IRAS), and systematic
blind H I searches. Although all are subjected to dierent
limitations and selection eects, they have the advantage
that they are complementary in the galaxies they unveil
and the latitude ranges they are optimal for (see Kraan-
Korteweg & Woudt 1999, for a review).
1.1. Optical galaxy searches in the southern Milky Way
We here report on the rst of a series of ve deep optical
galaxy searches. One of the methods to reduce the width
of the ZOA is to identify galaxies on sky surveys to fainter
magnitude limits and lower diameter limits compared to
existing catalogs. Here, examination by eye is still the best
technique. A separation of galaxy and star images cannot
as yet be done by automated measuring machines such as
COSMOS or APM on a viable basis below jbj <  − 15
(see Sect. 3.4) though surveys by eye are clearly both very
trying and time consuming, and maybe not as objective.
Using the IIIaJ lm copies of the ESO/SRC sky sur-
vey, we have pursued this approach and systematically
surveyed ve contiguous areas in the southern Zone of
Avoidance (see Fig. 1). The southern Milky Way is es-
pecially exciting as many suspected large-scale structures
are bisected or hidden by the Milky Way: we see traces
of the nearby Puppis lament, a possible extension of the
Hydra/Antlia clusters across the ZOA, the crossing of the
Supergalactic Plane, and it hides a large fraction of the
Great Attractor overdensity which is centered in the ZOA
at (`, b, v)  (320, 0, 4500 km s−1 , Kolatt et al. 1995).
Fig. 1 shows a diameter-coded distribution of all galax-
ies with D  1.00 in the southern sky for declinations
δ  −17.5 as taken from the Lauberts Catalog of Galax-
ies (Lauberts 1982). Part of the above discussed suspected
features can be identied in this distribution. The most
important clusters are indicated as well as the dipole direc-
tion of the CMB (` = 280, b = 27, Kogut et al. 1993) and
the predicted center of the Great Attractor region. Most
conspicuous in this distribution is the very broad, nearly
empty band of about 20 wide that stretches across this
equal area projection i.e., the Zone of Avoidance. This is
the area in which we performed our galaxy searches. The
ve survey regions are marked with solid lines.
The thick contour marks the search area discussed in
this paper. It lies in the extension of the Hydra/Antlia
clusters towards the Galactic Plane and covers about
400 2 on the sky from 266 < ` < 296 between−10 < b < +8). This area was chosen because of the
suspicion that the Hydra and Antlia clusters are part
of a much larger structure, a possible supercluster that
stretches across the Milky Way. At a mean redshift dis-
tance of v  2500 km s−1 this could contribute signi-
cantly to the peculiar motoin of the LG, and { seen its
vicinity to the CMB dipole direction { bring the grav-
itationally determined peculiar motion vector in better
agreement with the observed anisotropy in the CMB ra-
diation.
The subsequent regions are the Crux region (287 <
` < 318, jbj < 10, Woudt 1998, Woudt & Kraan-
Korteweg, in prep.) and the Great Attractor region
(318 < ` < 340, jbj < 10, Woudt 1998, Woudt &
Kraan-Korteweg in prep.), paper II and III of these se-
ries. The extensions from the Hydra/Antlia region to Pup-
pis, as well as the Great Attractor region towards the
Galactic Bulge, i.e., the Scorpius region, have already
been surveyed and the respective catalogs are in prepa-
ration (Salem and Kraan-Korteweg, respectively, Fairall
and Kraan-Korteweg).
The ve survey regions will connect to optical searches
done by other groups. The other optical surveys performed
in the southern sky are the Puppis region (230 < ` <
250, jbj < 10) by Saito et al. (1991) on the right hand
side of our survey (dashed line in Fig. 1), the Ophiuchus
Supercluster Region by Wakamatsu et al. (1994) and its
extension (Wakamatsu et al. , in preparation) as well as
the Sagittarius region below the Galactic Center (−7 <
` < 16, −19 < b < −1) by Roman & Saito (1997) and
the Aquila/Sagittarius survey (8 < ` < 43, jbj < 15)
by Roman et al. (1996) on the lefthand side of Fig. 1).
We have allowed for a small overlap of our search re-
gions with the surveys connecting to our search areas. The
interleaving of the Ophiuchus area with our Scorpius re-
gion (the narrow gap visible in Fig. 1) is currently being
done by Wakamatsu et al. This will allow a homogenisa-
tion of the data given in the dierent catalogs into one
coherent catalog of galaxies in the southern ZOA, com-
plete to well-dened identication criteria.
The galaxy catalogs build the basis for various dis-
tinct redshift and photometric observational follow-up
programs. Optical spectroscopy (individual) of all the
brightest (extinction-corrected) galaxies with high cen-
tral surface brightness has been obtained at the 1.9 m
telescope of the SAAO for the here presented galaxy cat-
alog (Kraan-Korteweg et al. 1995), for the Crux region
(Fairall et al. 1998), and for the GA region (Woudt et
al. 1999). Low-surface brightness galaxies have been ob-
served in H I with the 64 m radio telescope at Parkes (see
Kraan-Korteweg et al. 1997), and multiber spectroscopy
has been applied to high-density areas at the 3.6m tele-
scope of ESO with Optopus and Mefos. The latter data
have been reduced and will soon be submitted for pub-
lication. Some of the results have been presented earlier
(Felenbok et al. 1997, Woudt 1998).
In this rst paper of the catalog series of deep optical
galaxy searches in the southern ZOA, a description of the
search method is given in Sect. 2 including a discussion
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Fig. 1. Equal area projection of all Lauberts galaxies (D 1.′0) in the southern sky (δ  −17.◦5) in equatorial coordinates. The
galaxies are diameter-coded: the galaxies are displayed as points for 1.′0  D < 1.′3, as small circles for 1.′3  D < 2′, as larger
circles for 2′  D < 3′, and as big circles for D  3′. The most important clusters are labelled, as well as the CMB-dipole
direction and the center of the Great Attractor. Within the ZOA only few galaxies are catalogued. This region has been covered
by our five deep optical surveys (outlined by the solid lines). The thick contour marks the search area discussed in this paper.
The dashed areas mark optical surveys performed by other groups.
on the uncovered galaxy distribution. This is followed by
the catalog of the 3279 galaxy candidates in Sect. 3, and
a detailed discussion of the quality of the listed galaxy
properties in Sect. 4, including cross-identications in the
IRAS Point Source Catalog (Joint IRAS Science Working
Group 1988, IRAS PSC). In the last section, the com-
pleteness of the galaxy catalog is analysed as a function
of extinction, leading to a new, complete diameter-limited
southern sky distribution of extinction-corrected galaxies,
with the gap in the ZOA in the Hydra-Antlia region lled
in to its completeness level at AB = 3 mag.
2. The Galaxy Search
The tools for this galaxy search are simple. They comprise
a viewer with the ability to magnify 50 times (a proto-
type blinking machine on semi-permanent loan from the
Astronomisches Institut der Universita¨t Basel) and the
IIIaJ lm copies of the ESO/SRC sky survey. The viewer
projects an area of 3.05 x 4.00 on a screen which is viewed in
a darkened room making the visual systematic scanning
of the plates straightforward and comfortable.
The ZOA is the only part of the sky where it remains
more ecient to scan the sky surveys by eye rather than by
using modern plate measuring machines or sophisticated
galaxy identication algorithms, as for instance with COS-
MOS, SUPERCOSMOS and MAMA. Automatic searches
all fail close to the Galactic Plane, due to the crowding
eects when blended stars are mistakingly identied as
galaxies or when star subtraction of superimposed stars
break the galaxies up in various ‘small’ galaxies (see Sect.
3.4).
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Even though Galactic extinction eects are stronger in
the blue, the IIIaJ lms are chosen over their red coun-
terparts. A careful inspection between the various surveys
demonstrated that the hypersensitized and ne grained
emulsion of the IIIaJ lms go deeper and show more reso-
lution. Even in the deepest extinction layers of the ZOA,
the red lms were found to have no advantage over the
IIIaJ lms.
The success of optically identifying extragalactic ob-
jects at very low latitudes is proven by the fact that less
than 3% of the over 10% spectroscopically observed galaxy
candidates of the catalog (Kraan-Korteweg et al. 1994, Fe-
lenbok et al. 1997) have a star-like signature, hence are ei-
ther foreground stars or are overshadowed by foreground
stars, and only a few were found to be Galactic nebulae.
We imposed a diameter limit of D > 0.2 arcminutes for
our search. Below this diameter the refraction crosses of
the stars disappear, making it hard to dierentiate consis-
tently between stars, blended stars and faint round galax-
ies. In a few cases of clear clustering, smaller galaxies {
mainly early-type galaxies { are retained in the list.
For every galaxy, we recorded the major and minor di-
ameter, an estimate of the average surface brightness and
the morphological type of the galaxy. From the diameters
and the average surface brightness a magnitude estimate
is derived. The reliability of the recorded diameters and
the apparent magnitude are discussed in detail in Sect.
3. A surprisingly good relation is found for the estimated
magnitudes, with no deviations from linearity even for the
faintest galaxies, and a scatter of only σ = 0.m5.
The positions of all the galaxies were subsequently
measured with the Optronics machine at ESO in Garch-
ing. The accuracy of the positions is about 100.
Due to the locally varying extinction it is dicult to
give a homegeneous galaxy classication. The distinction
between, for instance, the bulge of a spiral galaxy and an
early-type galaxy remains ambiguous in very obscured re-
gions. The details of the morphological classication thus
depends on the identiable details on the enlarged survey
image.
In this way, 3279 galaxy candidates have been dis-
covered in the Hydra/Antlia search region, a region of
approximately 400 2 that encompasses 18 elds of
the ESO/SRC survey (F91-F93, F125-F129, F165-F170,
F211-F214) within Galactic latitudes of −10 < b < +8
and longitudes of 266 < ` < 296. Of these 3279 galaxy
candidates, 2818 are certain galaxies and 453 are likely
galaxy candidates. 8 unlikely candidates were retained in
the catalog as well. Among the 3279 identications, only
97 galaxies were previously recorded by Lauberts (1982)
{ of which 4 Lauberts objects turned out to be two close
galaxies. Eleven further galaxies were listed in other cat-
alogs, leading to 3167 (96.6%) newly identied galaxies.
The galaxies found in our search are entered as small
dots in Fig. 2, the larger dots identify the known Lauberts
galaxies in the illustrated region. It is obvious from the dis-
tribution of the newly identied galaxies that this method
is quite succesful: the Zone of Avoidance has been nar-
rowed down to −4 < b < 2.5.
The asymmetry of the galaxy distribution with re-
spect to the Galactic equator reflects the asymmetry of
the dustlayer. The latter can be traced by the contours in
Fig. 2 which mark absorption levels of AB = 1.m0, 3.m0
(thick line) and 5.m0. These values are based on the
DIRBE/IRAS extinction maps by Schlegel et al. (1998).
The oset to the south was already established by Kerr
& Westerhout in (1965) for the longitude range ` =
200 − 330 from the hydrogen column densities.
Galaxies remain visible through obscuration layers of 3
magnitudes of extinction; a few galaxies still are recognis-
able up to extinction levels of AB = 5.m0. Overall, the
mean number density follows the dust distribution re-
markably well at low Galactic latitudes. The contour level
of AB = 5.m0, for instance, is nearly indistinguishable from
the galaxy density contour at 0.5 galaxies per square de-
gree. At intermediate extinction levels, distinct under- and
overdensities are noticeable in the unveiled galaxy distri-
bution that are uncorrelated with the foreground obscura-
tion. They must be the signature of large-scale structures.
Strong clustering is evident around ` = 280, b = +6 (the
Vela overdensity), ` = 275, b = −9 and ` = 292, b =
+8. A conspicous underdensity in the longitude range
285−290 above the Galactic Plane remains unexplained
by the dust distribution, as well the distinct decrease in
galaxy density below the Galactic Plane from the right-
hand side to the left.
Although a handful of very small galaxy candidates
have been found at high extinction levels, these galaxies
most likely indicate holes in the dust layer. Overall, the
Milky Way remains optically opaque for extinction lev-
els above AB > 5.m0. This intransparent part of the ZOA
regions is currently being lled in through the system-
atic blind H I searches the Dwingeloo Obscured Galaxy
Survey (DOGS) in the north (Henning et al. 1998, Rivers
et al. 1999), and the Multibeam ZOA-survey in the south
(Kraan-Korteweg et al. 1999, Henning et al. 1999).
A discussion on structures in redshift-space based on
the galaxies identied in the here presented search area
can be found in Kraan-Korteweg (1992), Kraan-Korteweg
& Woudt (1993,1994), Kraan-Korteweg et al. (1994) and
Kraan-Korteweg et al. (1996). Our redshift follow-up pro-
grams have proven that the prominent overdensity visible
at (`, b) = (280, +6) is actually a superposition of three
structures: a lamentary thin structure that can indeed
be traced from the Hydra and Antlia clusters to (`, b) =
(280,−7) to the oposite side of the ZOA at a mean reces-
sion velocity of 2500 km s−1 , a shallow but very extended
supercluster, the Vela SCL (Kraan-Korteweg & Woudt
1993) centered at (`, b, v) = (280, +6, 6000 km s−1 ) as
well as a number of clusters at about 16000 km s−1 . The
overdense clumps below the Plane at ` = (268 − 286)
are due to clusters in the same high redshift range. This
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Fig. 2. Distribution of galaxies in the Hydra/Antlia extension. The outlined area marks the search region in the ZOA where
the dashed lines indicate the adjacent areas covered by us. The 3279 unveiled galaxy candidates (D> 0.
′2) are shown as small
dots. In the surrounding area the Lauberts galaxies are displayed (large dots, D 1.′0). The contours mark the dust extinction
as determined from the 100µm DIRBE maps (Schlegel et al. 1998) at the levels AB = 1.
m0, 3.m0 (thick line) and 5.m0.
gave rise to the suspicion that these clusters mark a pos-
sible connection between the Horologium clusters below
the ZOA and the Shapley clusters above the ZOA. Given
its approximate distance ( 16000 km s−1 ) and its extent
on the sky (roughly 100), this would imply the largest
known structures to date.
3. The Catalog
3.1. Short description
The catalog itself (Table ??) is listed at the end of the
paper. A short description of the entries in the catalog
is given below. Detailed information on the listed proper-
ties of the detected galaxies and/or an assessment of the
quality of the presented data is presented in the following
subsections. A table listing the possible IRAS galaxies is
given in Sect. 3.3.
Column 1: RKK running number of the detected 3279
galaxies and galaxy candidates, ordered in Right Ascen-
sion (1950.0).
Column 2: Second name.
Column 3: Codes for identications with objects in the
IRAS PSC within a radius of 2 arcmin. The entries
signify certain identication (I), possible identication
(P), questionable identication (Q) and no credible cross-
identication (N).
Column 4 and 5: Right Ascension and Declination
(1950.0).
Column 6 and 7: Galactic longitude and latitude.
Column 8: Field number of the ESO/SRC Survey on which
the galaxy was detected.
Column 9 and 10: X- and Y-coordinate in mm as mea-
sured from the center of the eld listed in column 8.
Column 11: Large and small diameter D x d in arcsec.
Column 12: Apparent magnitude BJ.
Column 13: Galactic reddening based on the
DIRBE/IRAS extinction maps (Schlegel et al. 1998).
Column 14: Morphological type including codes with re-
gard to uncertainty of the identication, the orientation
and superimposed stars.
Column 15: Descriptive remarks.
3.2. Second names
Most of the second identications given in Column 2 of
Table ?? originate from the ESO/Uppsala Survey of the
ESO(B) Atlas (Lauberts, 1982), recognisable as ’L’ plus
the respective eld and running number. After closer in-
spection, a number of Lauberts galaxies turned out to
be two individual galaxies. The Lauberts identication is
then given in both case. L126-9 = RKK1251 & RKK1253,
corresponding to ESO-LV 126-0090 and ESO-LV 126-0091
in the ESO-LV Catalog (Lauberts & Valentijn 1989). Four
galaxies abbreviated as FGCE# are listed in the Flat
Galaxy Catalog (Karenchentsev et al. 1993), two in the
Arp Madore (1987) Catalog (marked as AM), two in
the Parkes-MIT-NRAO 5GHz Radio Survey (Wright et
al. 1994, code PMN), and one in the Catalog of Southern
Ring Galaxies (Buta 1995).
6 R.C. Kraan-Korteweg: Galaxies in the Southern ZOA
97 galaxies (3%) were previously identied by Lauberts
(1982), of which four each have two counterparts in the
here presented catalog. Including the overlaps in the above
mentioned catalogs 112 have entries in earlier optical cat-
alogs (3.4%) and 3167 are newly identied galaxies.
3.3. IRAS identifications
The IRAS PSC (Joint IRAS Science Working Group 1988)
has been used extensively for studies of the large-scale
structures in the Universe. It is therefore of interest to
identify IRAS counterparts of the here uncovered galaxies.
IRAS sources were searched in a radius of 2 arcmin
around the optical galaxies. This led to 227 coincidences
in the IRAS PSC. In a second step, the possible matches
were investigated individually, taking into account
(a) the positional oset between galaxy and IRAS source
in combination with the IRAS position uncertainty ellipses
(b) the colors as deduced from the dierent IRAS wave-
bands, such as col1 = f12  f25/(f60)2 and col2 = f100/f60,
(c) coincidences with other astronomical objects and their
respective colors or color expectation values.
We more or less adopted the selection criteria used
by Yamada et al. (1993) in their search for IRAS galaxy
candidates in the ZOA as being characteristic of IRAS
galaxies, i.e., col1 < 1 and 0.8 < col2 < 5. However,
neither a lower limit for the 60µ flux was imposed (0.6 Jy
in Yamada et al. 1993), nor a flux quality restriction.
Depending on the probability of the
cross-identication being correct, the following categories
were dened (denoted as such in column 3 of Table ??):
I : high-certainty identication with IRAS PSC object
P : possible match in the IRAS PSC, but either the f60
flux was only a lower limit, the separation with regard to
the uncertainty ellipse relatively large, or the colors col1
or col2 atypical for galaxies
U : an unlikely cross-identication because of large
positional oset and/or unlikely IRAS-colors
N : the cross-identication is not accepted as credible
because of the large positional oset and the unlikely col-
ors and, in addition, that the identication with another
object is more likely. If this concerns another galaxy, it is
marked as NG (20 cases) in Table ??, if a star as NS (10
cases).
If a number is added to the code I, P or Q (e.g.,
Q2, I3), this number indicates the equally possible galaxy
counterparts for a given IRAS source.
Overall, 135 certain IRAS galaxies were identied. For
6 of these sources, two galaxies are equally likely to be the
counterpart of the IRAS source (marked as I2), and in 2
cases three galaxies (I3) could match the optical identi-
cation, leading to a total of 145 galaxy counterparts for
the 135 certain IRAS sources.
The number of galaxies with certain IRAS PSC cross-
identication is reduced to 87 (91 galaxies, 87 IRAS
sources), if { as in most IRAS color-selected galaxy
searches { a strict lower limit for the flux density at 60µm
of f60 = 0.6 Jy is demanded, as well as high flux quality
at 60µ, i.e., Q60 = 3.
Surprisingly, only 66 IRAS sources were identied by
Yamada et al. (1993) in their ZOA IRAS galaxy survey,
leaving 22 IRAS galaxies (25%) unaccounted for. Of these,
7 comply with all selection criteria set out by Yamada,
hence it is not clear why these IRAS galaxies were missed.
The remaining 15 have a high ratio of f100/f60 > 5, though
they are bonada galaxies. Yamada et al. noted already
that color-selected, ‘blind’ IRAS galaxy samples are in-
complete because of the f100/f60 upper limit restriction
which was implemented to avoid the contamination by
Galactic cirrus. Overall, the IRAS PSC traces a popula-
tion of large and bright galaxies (see Woudt 1998, for fur-
ther details). Nevertheless, ‘blind’ IRAS galaxy searches
apparently miss a signicant fraction of nearby galaxies.
There are 21 possible cross-identications in the IRAS
PSC (one with two possible galaxy counterparts) and 27
questionable cross-identications (3 with two likely galaxy
counterparts).
In Table ??, given at the end of the article, the certain
(I and I2 or I3), the possible (P or P2), and questionable
(Q and Q2) IRAS sources in the Hydra/Antlia deep opti-
cal galaxy catalog are listed with their optical and IRAS
properties. The unlikely cross-identications (NG and NS)
are marked in Table ?? but not entered in the IRAS table.
The entries in Table ?? are as follows:
Column 1: Identication in the IRAS Point Source Cata-
log. If the IRAS name is followed by ’Y’, it is also in the
IRAS galaxy list of Yamada et al. (1993), if followed by a
’*’, it satises all the Yamada et al. selection criteria, but
is not listed there.
Column 2: Quality parameter of the IRAS PSC cross-
identication, I, P and Q as explained above. If followed
by a number, the latter indicates the equally likely galaxy
counterparts for a given IRAS source.
Column 3: The RKK identication number as in the op-
tical galaxy catalog (Table ??). The ’L’ signies whether
this is also a Lauberts galaxy.
Column 4 – 10: As column 4 {7, 11, 12 and 14 of Table ??.
Column 11: Angular separation in arcsec between the op-
tical position (Column 4 and 5) and the position given in
the IRAS PSC.
Column 12 – 15: The flux densities at 12µm, 25µm, 60µm,
respectively 100µm.
Column 16: The IRAS flux qualities at 12µm, 25µm,
60µm, and 100µm, where ’1’ indicates a lower limit, ’2’
an uncertain flux, and ’3’ a good flux quality.
Column 17 – 18: The IRAS colors col1 = f12  f25/(f60)2
and col2 = f100/f60.
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3.4. Quality of optical parameters
To assess the quality of the listed positions, diameters and
magnitudes, whose derivations are discussed in the follow-
ing sections, comparisons with three independent samples
were made.
The rst is an internal consistency check. A generous
overlap on the borders of adjacent elds led to indepen-
dent values for parameters of a given galaxy. In the Hy-
dra/Antlia ZOA survey region, 146 galaxies were found on
the borders of two up to four dierent ESO/SRC survey
elds.
A further comparison was made for galaxies in com-
mon with \The Surface Photometry Catalogue of the
ESO-Uppsala Galaxies" (Lauberts & Valentijn 1989),
henceforth the ESO{LV catalog. Although the ESO{LV
catalog generally avoided the ESO/SRC elds close to the
Galactic Plane (jbj < 15), some exceptions were made.
This resulted in an overlap with our survey of the elds
F91, F92 and F126 on which we have 49 (12, 14, and 23)
of the brighter galaxies in common.
For the eld F213 centered at RA = 10h00m, Dec =
−50 (1950.0), ` = 277.3, b = 4.0, MacGillivray used
COSMOS to extract the galaxy parameters at the po-
sitions of the galaxies identied by us. 330 galaxies are
listed in the optical catalog for F213. However, a third of
these lie outside the central 5 x 5 area of the eld, hence
have no COSMOS parameters. For 20% of the galaxies
within the 5 x 5 boundaries, COSMOS extracted two
galaxy candidates at the position of the visually identied
galaxy. In general, the parameters of only ’one’ of the can-
didates { sometimes none { matched the actual galaxy. For
another 8% of the galaxies, the parameters such as diam-
eters and magnitudes diverged strongly from the visually
determined values. After careful inspection on the sky sur-
vey plate, it was clear that the superposition of stars on
the galaxy images generally caused the confusion: a star
superimposed on the border of a galaxy image resulted in
a smaller galaxy, stars superimposed more centrally on a
galaxy could result in the breaking up of one galaxy into
various \COSMOS galaxies". Quite often the fainter outer
parts of LSB spiral were not recognised as being part of
a galaxy, and parts of a spiral arms sometimes were lost.
About 4% of the galaxies were { for no obvious reasons {
not recovered at all by COSMOS.
The above comparison stresses the inherent diculties
in achieving a high success rate of the galaxy identica-
tion procedure from automated extraction algorithms at
low Galactic latitudes and in obtaining reliable data. Still,
the parameters of 186 galaxies could be used for our com-
parative purposes.
3.5. Positional accuracy of coordinates
The X and Y measurements listed in Column 9 and 10
are osets with respect to the center of the eld identied
in Column 8, i.e., the eld on which the galaxy was rst
identied in the course of the galaxy search. This there-
fore is not necessarily identical to the eld on which that
galaxy would belong based on its coordinates and the op-
timal survey elds. Positive X-values indicate increasing
RA, negative X-values decreasing RA. Positive Y-values
point north, negative values south of the eld center.
The positions of the galaxies as well as up to 30 stan-
dard stars per eld were measured with the measuring
machine Optronics at the ESO in Garching (one advan-
tage of working in the ZOA is the availability of numer-
ous standard stars). Fitting a polynomial to the X- and
Y-measurements of the standards stars resulted in an rms
of the star positions of 0.3 { 0.5 arcsec. For galaxies this
precision can not be achieved due to the uncertainties in
the determination (by eye) of the center of the extended
galaxy images. As this is straightforward for small galax-
ies, the positions of smaller galaxies generally are of better
precision.
Comparing the positions of galaxies derived from the
borders of neighboring elds (generally the lowest preci-
sion cases) did reveal minor systematic osets of typically
0 − 1.500 in RA or Dec with a dispersion of σ = 200. A
comparison of our positions with COSMOS positions for
the 186 galaxies in common on eld 213 revealed similar
trends (osets in RA and Dec of 200, σ = 1.005). Positions
of ESO{LV galaxies show no oset but a dispersion of 400
compared to the Optronics positions. Taking the quoted
error of 300 for the positions in the ESO{LV catalog into
account, the 100 for COSMOS, as well as our internal con-
sistency, together indicate that the in Table 1 listed galaxy
positions have an accuracy of about 1 arcsec.
The positions of a few galaxies are of lower precision
as they were not derived with the measuring machine Op-
tronics. These are marked with a colon following the equa-
torial coordinates in column 4 and 5 of Table 1.
3.6. Large and small diameters
A comparison of galaxy diameters based on the COSMOS
and ESO{LV overlaps, shows a linear correlation with
decreasing scatter towards smaller galaxies. On average
the present diameters are 10% smaller compared to the
COSMOS and ESO{LV values suggesting that the listed
diameters correspond approximately to the isophote of
24.5 mag/arcsec2 (compared to 25.0 mag/arcsec2 of COS-
MOS and ESO{LV).
An internal consistency check of diameters measured
on dierent plates reveals an error of the order of 100, while
the deviations for the galaxies in common with COSMOS
are lower and with ESO{LV slightly higher (ε = 0.003, re-
spectively ε = 1.005).
In the surveyed region, 103 galaxies have { according
to our determinations { a major diameter of D  6000, i.e.,
the Lauberts (1982) diameter limit. Of the 97 galaxies
identied by Lauberts in the Hydra/Antlia survey region
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Fig. 3. Comparison of the estimated magnitudes BKKJ with the 49 galaxies in common with the ESO-LV catalog (left), the 186
galaxies on field 213 in common with COSMOS (middle), and the 146 independent magnitude estimates from the borders of
neighbouring fields. For the uncalibrated COSMOS magnitudes a zeropoint correction of ∆BCOSJ = +0.
m25 was applied.
(of which 4 are double systems), 25 actually are smaller
than 6000, leaving 76 galaxies above the Lauberts diameter
limit of D = 6000. A comparison with the here identied
103 galaxies with D  6000 hence indicates that 27 galaxies
(26%) were missed by Lauberts. These statistics improve
somewhat in favor of the Lauberts catalog for galaxies
larger than 1.035, the diameter limit for which the Lauberts
catalog is claimed to be complete (Hudson and Lynden-
Bell 1991). Still, 5 (of the 49) galaxies larger than 1.035
have not been identied by Lauberts.
3.7. Apparent magnitude BJ
Using a KODAK Photographic Step Tablet (exposed and
processed acetate photographic silver density lm) of 21
steps as a comparison scale (from 0.05 to 3.05 in incre-
ments of 0.15 in density), the average surface density
(blackness) of each galaxy was determined. The surface
densities SD of the two 7-step wedges on the survey elds
were determined as well. Applying the log relative inten-
sity scale as given in the UK Schmidt Telescope Handbook
(1980) to the step wedges leads to surface density vs. log
intensity calibrations of the form:
log(I) = C1  SD + C2. (1)
This relation was found to be linear in the surface density
range of the galaxies (density steps 10 { 16.5, cf., Fig. 1.1
in Woudt 1998, Vol. II).
Combining the dimensions of the galaxy (in arcsec)
with the relative intensity scale leads to a relative magni-
tude BJ estimate via the equation
BJ = C3 − 2.5  (log(pi  (D/2)  (d/2)) + log(I)). (2)
The resulting isophotal magnitudes were then cali-
brated using the 49 galaxies in common with the ESO{LV
catalog (Lauberts & Valentijn 1989), leading to a value of
the constant C3 of
C3 = 26.m4. (3)
The here derived magnitude estimates compare best with
the B25 of the ESO{LV: as illustrated in the left panel
of Fig. 3, no deviation from linearity is observed over the
common magnitude range (13.m0 − 17.m0), and a surpris-
ingly low dispersion of 1σ = 0.m46.
A comparison with the COSMOS magnitudes for the
186 galaxies on eld 213 is displayed in the middle panel of
Fig. 3). As the COSMOS magnitudes were not calibrated
a zeropoint correction of BCOSJ = +0.
m25 had to be ap-
plied. With the zeropoint set, a linear relationship up to
the faintest magnitudes of BJ = 19.m5 was found with a
dispersion of 1σ = 0.m47
To check the internal consistency, a comparison was
made for galaxies found on borders of adjacent elds. Even
though measurements on the plate borders are the least
reliable, the magnitudes scatter with a dispersion of σ =
0.m33 only and show no systematic osets (right panel of
Fig. 3).
Hence, we conclude that our eye-estimates yield mag-
nitudes with no deviations from linearity from the bright-
est to the faintest galaxies, with a 1σ dispersion of 0.m5.
3.8. Column 13: Galactic reddening
Column 13 lists the Galactic reddening at the position of
the galaxy as given by the DIRBE/IRAS extinction maps
(Schlegel et al. 1998). Based on CCD photometry and mea-
surements of the Mg2-index of 18 early type galaxies at
low Galactic latitudes, Woudt (1998) has tested the cal-
ibration of the DIRBE/IRAS extinction maps. He found
that the extinction for moderate to high DIRBE/IRAS
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reddenings is systematically underestimated by a factor of
f=0.86. As his new calibration so far is based on a small
sample of galaxies only which do not cover a substantial
fraction of the southern ZOA, we have at this point of
time not adopted his correction for this suggested under-
estimation.
3.9. Column 14: Morphological classification
The morphological types are coded similarly to the pre-
cepts of the RC2 (de Vaucouleurs et al. 1976). Due to the
varying foreground extinction a homogenous and detailed
type classication could not always be accomplished and
some codes were added. In the rst column, a question
mark denotes the uncertainty about the galaxian nature
of the object. In the second column, the code F for the
Hubble type E-S0 (T= −3 in the RC2 classication) was
added to the normal designations of E, L, S and I. In the
fourth column the subtypes E, M and L are introduced
next to the general subtypes 0 to 9. They stand for early
spiral (S0/a-Sab), middle spiral (Sb-Sd) and late spiral or
irregular (Sdm-Im). The cruder subtypes are a direct indi-
cation of the fewer details visible on the obscured galaxy
image. The questionmark at the end marks uncertainty of
the main type, the colon uncertainty in the subtype. The
third column (o) marks the orientation of the galaxy: E,
N, F, V stands for edge-on, nearly edge-on, face-on and
nearly face-on. The fourth subcolumn (*) indicates the su-
perposition of a single star (1) or multiple stars (S) on the
galaxy.
The mixture of galaxy types in our survey { (E{SO:
S{I : unclassied) = (11% : 60% : 29%) { is consistent
with most optical surveys.
3.10. Column 15: Descriptive remarks
In general, the remarks and abbreviations of column 15
are selfexplanatory. The most common abbreviations are:
* or ** star or stars
asym. asymmetric
blg bulge
br. bright; to indicate bright bulges, nearby
or superimposed bright stars or bright
bulges




HSB extremely high surface brightness
i.a.w. interacting with; close pair of galaxies
which display disturbances in the image
or light bridges between the galaxies.
LSB low surface brightness galaxy. Also
vLSB for very low surface brightness,
and vvLSB for galaxies just barely vis-
ible against the sky background
neb? nebula?
neighb. of neighbor of a listed galaxy. In general,
these galaxies are below the diameter
limit of D = 1300 but close to a cata-
logued galaxy and possibly associated
with the named neighbor.
PN Planetary Nebula
p.cov.by * partly covered by star
poss.larger possibly larger
s.p. superimposed (generally used to note
superimposed star or stars on the
galaxy image
sp. spiral (e.g. spiral arm)
struct. structure
in st.di.pat. galaxy lies within a stellar diraction
pattern, i.e., generally on darkened
background
trpl syst triple system, generally followed by the






w.comp. with companion: a small galaxy, below
the diameter limit of the catalog in the
vicinity of the galaxy. The companion
was not entered into the catalog (con-
trarily to neighbors, cf. above)
w.sev.comp. with several companions. Same as
w.comp., two or more nearby small
galaxies were seen.
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4. Properties of the Galaxies
4.1. Magnitude and diameter distribution
The top panel of Fig. 4 shows the distribution of the ob-
served magnitudes (left) and diameters (right) of the 3279
galaxy candidates identied in the Hydra/Antlia ZOA
galaxy search. On average the galaxies are quite small
(<D>= 21.008) and faint (<BJ > = 18.m2).
However, even the galaxies at the highest latitudes are
viewed through an obscuration layer of AB  1.m0 (see
Fig. 2) which thickens as we approach the Galactic equa-
tor. The observed diameters and magnitudes are heavily
influenced by the obscuring eects of the Milky Way. The
extinction dims the magnitudes by the amount AB plus an
additional dimming  (BoJ =BJ−AB−) because the ob-
served diameters are reduced, hence also the surface area
of a galaxy within the dened isophotal limit.
These obscuration eects on the intrinsic properties of
galaxies have been studied in detail by Cameron (1990)
who articially absorbed the intensity proles of various
Virgo galaxies. This led to analytical descriptions of the
diameter and isophotal magnitude corrections for early-
type and spiral galaxies. For example, a spiral galaxy, seen
through an extinction of AB = 1m, is reduced to  80%
of its unobscured size. Only  22% of a (spiral) galaxy’s
original dimension is seen when it is observed through
AB = 3m. The additional magnitude correction in this
case amounts to 1.m1, a non-negligable amount.
In earlier papers, we used the neutral hydrogen (H I)
content in the Milky Way with a constant gas-to-dust ra-
tio as indicator of the foreground extinction. However, the
gas-to-dust ratio does vary (e.g., Burstein et al. 1987).
Moreover, close to the Galactic plane the Galactic H I
line might be saturated, leading to an underestimation
of the true extinction. With the recent availability of the
100 micron extinction maps from the DIRBE experiment
(Schlegel et al. 1998), we have started implementing these
values as they provide a direct measure of the dust col-
umn density and the maps have better angular resolution
(6.01 compared to  20 − 300 of the H I maps). Following
Cardelli et al. (1989), the Galactic foreground in the blue
was determined as
AB = 4.14  E(B−V). (4)
Applying the Cameron corrections to the observed
magnitudes and diameters of the galaxies identied in the
ZOA result in a considerable shift of the respective means
to <BoJ >= 16.
m8 and <Do >= 34.007 (cf., lower panel of
Fig. 4). We have avoided unrealistically large extinction-
corrections for galaxy candidates in the deepest extinc-
tion layers by limiting the maximum correction factors to
AB = 6m.
A total of 277 galaxies have extinction-corrected diam-
eters larger or equal than 6000, i.e., the Lauberts (1982)
diameter limit. This means that in the absence of the
obscuration by the Milky Way, Lauberts would have de-
tected 277 galaxies in the ZOA search region instead of
the recorded 97 galaxies in his catalog, respectively the
76 galaxies that really have a diameter above 6000. Com-
paring this to the diameter limit of 1.035 for which the
Lauberts catalog is claimed to be complete (Hudson and
Lynden-Bell 1991), 178 galaxies larger than 1.035 are iden-
tied, compared to the 49 galaxies in the Lauberts cata-
log. These numbers demonstrate the incompleteness in the
Lauberts catalog near the plane of the Milky Way. More
importantly, it shows the eectiveness of deep optical sur-
veys in retrieving these galaxies.
4.2. Dependence on foreground extinction
The eects of the absorption on the observed parameters
of these low-latitude galaxies is reflected clearly in Fig 5.
Here, the magnitudes and major diameters are plotted
against the Galactic extinction E(B-V) derived from the
100 micron DIRBE/IRAS dust maps. The top panels show
the observed magnitudes (left) and diameters (right) and
the bottom panels the for extinction corrected parameters.
The distribution of both the observed magnitudes and
diameters show a distinct cut-o as a function of extinc-
tion { all the galaxies lie in the lower right triangle of the
diagram leaving the upper left triangle empty of points. At
low extinction values, bright to faint galaxies, respectively
large to small galaxies can be identied, whereas only ap-
parently fainter and smaller galaxies enter our catalog for
higher extinction values. The division in the diagram de-
nes an upper envelope of the intrinsically brightest and
largest galaxies. This ducial line, i.e. the shift m to
fainter apparent magnitudes of the intrinisically bright-
est galaxies, is a direct measure of the absorption AB. In
fact, this shift in magnitude is tightly correlated with the
absorption in the blue AB = 4.14  E(B−V).
In the lower panels of Fig 5, the for extinction-
corrected magnitudes and diameters are plotted as a func-
tion of the foreground extinction. Clearly, the faintest
galaxies (BoJ < 19.m0) are only uncovered at the high lat-
itude borders of our survey, whereas the brightest galax-
ies can still be identied through obscuration layers of
AB  4.m0. This distribution also has a very well-dened
upper envelope which can be used to assess the complete-
ness of the survey as a function of extinction. The distri-
bution indicates that at extinction levels of AB = 4.m0,
the survey is complete only for the brighest and largest
galaxies (BoJ < 12.m5, Do > 16000), however at extinction
levels of AB = 3.m0 we are still complete for galaxies with
BoJ < 15.m5 and Do > 6000, and at extinction levels of
AB = 2.m0, for galaxies with BoJ < 18.m0 or Do > 2000.
4.3. Completeness of the optical survey
A more qualitative assessment of the completeness of our
deep optical galaxy survey in the ZOA can be achieved by
R..C. Kraan-Korteweg 11




























Fig. 4. The distribution of the observed (top panels) and extinction-corrected (bottom) magnitudes (left) and diameters (right)
of the 3279 galaxy candidates discovered in the Hydra/Antlia region.
analysing the cumulative diameter and magnitude distri-
butions (observed and extinction-corrected) as displayed
for four dierent extinction intervals in Fig. 6. The cumu-
lative distribution has not been normalised by the area
corresponding to each dierent interval of galactic extinc-
tion. The respective number of galaxies in the extinc-
tion intervals are 1089 for 0.m59  AB  1.m0, 1921 for
1.m0 < AB  2.m0, 218 for 2.m0 < AB  3.m0 and 37 for
3.m0 < AB  4.m0.
The slopes of the BJ− logN and log D− logN distribu-
tions are slightly lower compared to unobscured regions.
With the exception of the bright and large galaxy end of
the cumulative distributions and for the highest extinction
bin where number counts are low, we nd a linear increase
of the cumulative curves up to magnitudes of BJ = 18.m5
and diameters of log D = 1.15 (D = 1400). Then the curves
start to flatten. These values hence indicate the complete-
ness limits for the apparent (obscured) parameters of the
galaxies of our survey.
The bottom panels of Figure 6 show the same dis-
tributions, but for extinction-corrected magnitudes and
diameters. Here, the point at which the curves start to
flatten out obviously depends on the amount of fore-
ground extinction. We nd that our deep optical galaxy
search becomes seriously incomplete only in the interval
3m < AB  4m (lled triangles). A detailed analysis based
on various extinction bins (not plotted here) nds that
we are complete for galaxies BoJ < 15.m5 and diameters
of log Do > 1.78 (Do = 6000) up to extinction levels of
AB  3.m0 (the open triangles in Fig. 6).
At AB = 3.m0, a spiral galaxy with Do = 6000 will be
visible with D = 1400 only, and an elliptical with D = 1700.
Vice-versa, an obscured spiral or an elliptical galaxy at
our apparent completeness limit of D = 1400 would have
an intrinsic diameter of Do  6000, respectively Do  5000.
At extinction levels higher than AB = 3.m0, an ellipti-
cal galaxy with Do = 6000 would appear smaller than the
completeness limit D = 1400 of this catalog and might have
gone unnoticed. The here presented galaxy catalog should
thus be complete for all galaxy types with Do  6000 down
to extinction levels of AB = 3.m0. Only intrinsically very
large and bright galaxies { particularly galaxies with high
surface brightness { will be recovered in deeper extinction
layers.
With the above relations between foreground extinc-
tion and completeness limit for extinction-corrected galax-
ies, the rst step in arriving at a complete whole-sky sur-
vey can be undertaken.
According to Hudson and Lynden-Bell (1991), the
Lauberts catalog is complete for galaxies larger than 1.035.
The optical ZOA-survey is complete Do = 1.00 at extinc-
tion levels of AB  3.m0. Fig. 7 combines the two catalogs
and shows in an equal-area projection of equatorial co-
ordinates all galaxies with extinction-corrected diameters
larger than Do  1.03. The Hydra/Antlia ZOA survey re-
gion is now lled to Galactic latitudes of −4 < b < 2.5
(i.e., extinction levels AB  3.m0, cf., Fig. 2). A com-
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Fig. 5. The observed (top panels) and extinction-corrected (bottom) magnitudes (left) and diameters (right) of the 3279 galaxy
candidates discovered in the Hydra/Antlia region as a function of the foreground extinction E(B−V). Some extinction-corrected
values fall outside the magnitude/diameter range displayed here.
parison of Fig. 7 with Fig. 1 demonstrates convincingly
how the deep optical galaxy search realizes a consider-
able reduction of the ZOA. Moreover, the display of the
extinction-corrected, diameter-coded galaxy distribution
with its well-dened completeness limit clearly reveals the
dynamically important large-scale structures of the nearby
Universe.
With the other forthcoming optical galaxy searches,
we soon will have a much improved consensus about the
most important galaxy overdensities in the southern sky.
5. Summary
A deep optical galaxy search for obscured galaxies be-
hind the dust layer and crowded star elds of the Milky
Way revealed 3279 galaxy candidates of which only 112
(3.4%) were previously catalogued and of which 127 (of
the 227 positional matches) have a reliable counterpart in
the IRAS PSC.
A comparison with the foreground extinction levels
(Schlegel et al. 1998) indicates that galaxies remain eas-
ily detectable through obscuration layers of 3 magnitudes
of extinction and recognisable up to levels of AB = 5.m0.
At higher extinction levels, the Milky Way remains mostly
opaque. Overall, the mean number density follows the dust
distribution remarkably well.
An analysis of the completeness of this visual search
indicates that we are complete to a diameter limit of
D = 1400. Correcting the observed parameters for the
foreground obscuration (DIRBE extinction values with
Cameron extinction corrections) we nd that our ZOA
survey is complete to Do  6000 and { depending on the
surface brightness of the galaxy { to BoJ < 15.m5 fore-
ground obscuration levels of AB  3.m0. 277 galaxies were
identied above this diameter limit compared to the 76
in this area by Lauberts. These numbers demonstrate the
success of deep visual galaxy searches at low Galactic lat-
itudes.
With the understanding of our completeness limit for
extinction-corrected galaxies, the rst step in arriving at
a complete whole-sky survey with a considerably reduced
ZOA could be undertaken (cf., Fig. 7, i.e. a southern-sky
galaxy distribution complete to Do  1.03 for extinction
levels of AB  3.m0).
Several distinct overdensities and laments of galaxies
can be identied that are apparently uncorrelated with the
Galactic foreground extinction hence the probable signa-
ture of extragalactic large-scale structures. The catalog
(the rst in a series of ve) build the basis for various
spectroscopic and photometric follow-up programs.
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Fig. 6. The cumulative distribution of observed (top panels) and extinction-corrected (bottom) magnitudes (left) and diameters
(right) for four different intervals of galactic foreground extinction. The open circles display the galaxies with AB  1m, the
squares are galaxies with 1m < AB  2m, the triangles correspond to galaxies with 2m < AB  3m, and the filled triangles are
galaxies with 3m < AB  4m.
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